Summary A safe and easy-to-manage technique for various craniotomy procedures in young rabbits has been developed. This technique, which minimizes the need for special instrumentation, has been tested in 90 animals with a minimal mortality and morbidity: one death perioperatively caused by sagittal sinus bleeding and one rabbit disclosing a brief period of postoperative illness, respectively. The technique, including postsurgical strategy, is described in detail.
Anaesthesia of rabbits involves many difficulties and is very unpredictable. The margin between proper surgical anaesthesia and death is narrow and individual susceptibility seems to vary widely (Murdock, 1969; Green, 1979) . Experimental procedures which comprise craniotomy are hazardous. We have noted, along with other investigators, several postoperative complications, in particular local infections and haemorrhages after injury to the sinus system. Generally, we have found descriptions in the literature on surgery involving exposure of the central nervous system to be brief and summaristic.
In studies of cranial growth aberrations, intramembranous bone regeneration and healing capacity, we developed a simple and safe procedure for craniotomy in young rabbits, which is here reported. Received 30 November 1987; accepted 6 July 1988 Materials and methods Animals Ninety New Zealand white rabbits, male and female, weighing between 176 and 1030 g were used. Experiments were started at least 2 days after the animals were received for acclimatization purposes; unfortunately, due to technical problems, such as animal delivery and shortage of animal cages, longer periods of acclimatization were seldom possible to achieve. They were kept in a separate room in an area with entry restricted to animal caretakers, who were requested to use special clothing and shoes when entering the area.
Each mother with offspring (supplied by a local breeder authorized by the Swedish Board of Agriculture for purpose breeding of laboratory animals), was housed in a plastic cage sized 1·05xO·55xO·45m (Scanbur ApS, K~ge, Denmark) under controlled conditions (19°C, 60-70070 r .h., artificial light from 0800 to 1700 h). Mothers with fewer than 6 offspring were preferred. The perforated cage floor was covered with autoclaved hay bedding. The cages were cleaned thoroughly daily. Standard pelleted diet (Brood stock feed for rabbits and guineapigs; no antibiotics added; Astra Ewos AB, SodertaIje, Sweden) and tap water were provided ad libitum.
At age 7-8 weeks the young rabbits were separated from their mother and placed in cages half the size of those above (by repositioning the centre rack section), one or two rabbits being housed together.
No specific measures to change the microbiological status of the animals were undertaken before surgery (which includes the period prior to animal delivery from the breeder).
Operative procedure
The rabbits were anaesthetized by intramuscular (gluteal or large thigh muscle) neuroleptanalgesia (fluanisone 10mg/ml and fentanyl 0'2mg/ml; 0,6 ml/kg body weight; Hypnorm vet., AB Leo, Helsingborg, Sweden). No premedication was given. After onset of analgesia, i.e. about 10min, the head was shaved and an antiseptic solution (alcoholic chorhexidine 5 mg/ml) was applied over the surgical field. The animal was placed prone on a thermal blanket on the operating table, whereafter the body caudal to the occipital region was draped, allowing exposure of the craniofacial region. A paramidline skin incision extending from the nasal to the parietal region was made and, after lateral reflection ofthe scalp and underlying tissues, the calvarial bones were exposed.
Bone defects were produced both in the calvarial bone plate and in the sutural areas using a diamond wheel (used to produce 4 x 6 mm defects) or a trephine (6 mm in diameter) mounted on a low-speed dental drill. The cranial lesion may easily be expanded by rongeur cutting. Two major pitfalls existed; utmost care was exerted to avoid perforation of the dura mater and the sagittal sinus. During bone drilling, the surgical field was continuously irrigated with sterile saline to reduce thermal damage. Haemostasis was secured by bone wax prior to closure of the incision with 4/0 Dexon (polyglycolic acid) sutures. The wound was finally covered with plastic spray (Nobecutan spray, Astra Meditec AB, M61ndal, Sweden). Normally, after some training, the complete operation (comprising 2 defects) was completed in 10-15 min. During the procedure the surgeon and his assistant wore sterile hats, masks, and gloves and clean surgical clothes. The instruments were autoclaved prior to the first operation each morning and afternoon and placed in 70070alcohol for 15 min between subsequent operations.
Postsurgical care
To compensate for perioperative and postoperative dehydration, 10ml sterile saline solution 71 was injected subcutaneously dorsally immediately following surgery. Furthermore, the animals received an intramuscular injection of O' 1ml Streptocillin vet. (dihydrostreptomycin O' 25 g/ ml and benzylpenicilline O' 2 g/ml; Novo Industri A/S, Bagsvaerd, Denmark), and administration was continued once daily for one week. The rabbits were left to recover on a thermostatically controlled electric blanket and covered by a towel to maintain normal body temperature. The animals were under constant surveillance for at least 4 h; at that time most rabbits seemed fully awake although drowsy. Postoperative analgesia was not considered necessary.
All rabbits were checked several times during the day and weighed once daily throughout the first postsurgical week.
Results
To date, 90 rabbits have been operated on with mortality and morbidity being almost nonexistent. One animal died peri operatively from haemorrhage due to a sagittal sinus rift and another rabbit showed transient signs of postoperative illness, such as drowsiness and unwillingness to drink. Otherwise, no outward sign of distress was recorded during the immediate recovery period or later during the postoperative period (maximally extending 7 weeks). In a few animals, small changes in body weight were seen during the first postoperative day, whereafter steady increases were registered.
Occasional dural tears were approximated only; no side effects occurred as judged by the clinical appearance.
Discussion
The present method is the result of several years of experimentation and refinement. The goal has been to optimize the safety of the laboratory animal and to increase the speed and simplicity of the procedure. Advantageously, the procedure carries low costs.
An adequate supply of food and drink are fundamental to a successful experiment. The limitation of the number of offspring in each cage and the immediate compensation for perioperative and postoperative dehydration are direct means to insure proper balance of nutrition and fluids. Additionally, an extended period of time for acclimatization to the laboratory environments prior to surgery and the mother's presence peri operatively must be considered desirable to reduce stress and enhance the wellbeing of the animal.
To augment the simplicity and safety of the procedure neuroleptanalgesia was chosen. Hypnorm offers complete anaesthesia with preserved cardiovascular stability. Normally, the awakening requires 1-2 h (Fass vet., 1980 (Fass vet., -1981 . Although fentanyl exhibits a capacity to reduce respiratory rates, this effect is diminished by fluanisone (Fass veL, 1980 (Fass veL, -1981 . Respiratory changes were only seen occasionally. Thus, no attempt to reverse the analgesia was made and pain relief was thereby maintained for a few additional hours. By experience, we have found the dose 0,6 mllkg to give proper anaesthesia with a sufficiently long duration for the procedure. Lower doses tended to result in repetition of injections, which is in agreement with the high metabolic rate in young animals. This dose resulted in only one injection being necessary and the use of Mebumal and other barbiturates, drugs that frequently cause marked respiratory depression, was omitted. Also, endotracheal intubation, with its inherent risks of oedema and haemorrhage in the upper respiratory tract, was avoided. Complications were almost non-existent and, furthermore, the anaesthetic procedure could be repeated after a few weeks without altered pharmacological responses (Alberius & Selvik, 1984) .
Several steps were taken to reduce the risk of microbiological contamination, e.g. minimizing the number of visitors, applying strict rules for animal care and cage locations, aseptic surgical technique, meticulous hygiene, and the administration of broad spectrum antibiotics. On the whole, the impact of each specific procedure was difficult to assess, but an awareness of the potential dangers involved and a carefully prepared strategy must be considered crucial to obtaining optimal conditions for any type of surgery.
The described technique minimizes the need for special equipment. Due to its simplicity, even an inexperienced investigator can master it, although we recommend a two-team approach, an anaesthetic (one person) and a surgical (two persons) team. This approach assures proper attention to the animal, with additional anaesthesia easily administered as needed. The surgical team can thus concentrate on the operative procedure, which results in optimal safety and shortened operating time.
